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ABSTRACT 
 
 
 

Software evolvability, meeting the future 
requirements of the customer is one of the emerging 
challenges which software industry is facing nowadays. 
Software evolvability is the ability of software system 
to accommodate future requirements. Studies have 
shown that software evolvability has large economic 
benefits but at the same time it’s difficult to assess. 
Over the time many methods have been derived to 
assess the software evolvability. Software evolvability 
depends upon various characteristics of the software 
system. 

 
In this paper we will discuss different 

characteristics of the software systems on which 
software evolvability depends. We will also have a look 
on hierarchy of these characteristics based on their role 
in the evolvability of software system. Moreover we 
will find out that what level of qualifications is 
appropriate for an expert to assess the software 
evolvability of a software system.   

 
Keywords: Software evolvability, Software 
evolvability characteristics priority, assessment of 
software evolvability, qualifications of an expert. 
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1 INTRODUCTION 
 
Software evolvability is one of the important aspects of software quality. It is defined as the 
ease with which software system can be modified for future requirements. We can say that it 
is the future potential to enhance the software system. So far not many studies have been 
conducted on methods to judge and compute evolvability of whole software system. Most of 
the research is about relationship between software metrics and effort on developing 
individual classes.  
 
In the last few decades IT market is facing problem of evolving a software system in order to 
compete in the market. Software system has to accommodate new requirements to stay in the 
market. Current marketing scenario does not allow industries to continue work on new 
requirements for longer duration of time. So the need for easily evolving software systems 
has emerged and software evolvability has gained significant importance as a software 
quality attributes [2].  
 
Studies have shown that software maintenance is the most expensive as well as longest phase 
of the software product life cycle [4]. Once software has been released it needs to be 
modified for the future requirements, if the software system is easily evolvable then it will 
cost less to modify for the future requirements. 
 
In this report we mainly focus on the characteristics of the software evolvability and their 
hierarchy according to their significance. In order to find the significance hierarchy of 
software evolvability characteristics we conducted a survey. Our target population was the 
people working in the software industry that is software developers, researchers etc. There 
are various methods for assessing the software evolvability, one of the prominent methods is 
software expert assessment in which a software expert who has good education and 
experience in the software design and development, assess the software evolvability of the 
software system. Assessment of software evolvability is highly dependant on the 
qualification of the expert. In this report we will dig out that what are the appropriate 
qualifications for an expert to conduct an assessment of software evolvability. 

1.1 Background 
The term evolvability was first introduced for living systems and Darwin's theory of 
evolution is a good example of it. Darwin presumed that all the creatures descend from their 
common ancestor. Complex living beings evolve from their simple ancestors over an 
elongated period of time.  
 
Living creatures accumulate beneficial characteristics from their ancestors through genetic 
mutation and as a result a totally different organism takes birth which is not merely a variant 
of original organism. Similarly, software systems gradually evolve over the period of time in 
order to accommodate future requirements and changes. As a result the final outcome is 
totally an enhanced and modernized system. [28] 
 
Software evolvability is one of the important aspects of software quality. It is defined as the 
ease with which software system to be further developed in future. We can say that, it is 
potential of software system for future enhancement. Evolvability is measured indirectly 
because there is no way to measure it directly [1]. After assessing the current system, the 
prediction is made about future efforts required to enhance the system. 
 
Evolvability depends on many factors like the software code; technology used for 
development of software; the client and development organization and their relationship.  
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Since the software evolvability can’t be measured directly, so a vague definition of 
evolvability is chosen. The standard ISO/IEC 9126 calculates maintainability. The concept 
of maintainability is considered same as evolvability. It is measured through empirical 
connection of direct and indirect characteristics [1]. For finding evolvability of a particular 
project it’s necessary to know the relations “equal evolvability as” and “better evolvability 
than” [3].    
 
Till now there is much less research on methods to judge and compute evolvability of whole 
software system. Most of the research is about relationship between software metrics and 
effort on developing individual classes [5]. There are two ways to calculate the evolvability 
i.e. structural measures and expert assessments. There have been huge research experiments 
on software evolvability assessment using structural measures but the major focus was on 
evolvability of an individual/cluster of classes.  
 
Expert assessments for evolvability measurement are mostly guided or unguided [11]. For 
example, in guided assessment, a brochure is provided which gives instructions for 
evaluation of the software system. In unguided assessment, experts evaluate the evolvability 
according to their own assumptions and experience. The major challenge in expert 
assessments is that we have to rely on the experts. Assessments are much dependant on their 
qualification and knowledge. Biasness is another drawback of expert assessments because 
experts might favor the designs which are familiar to them. 
 
Our thesis work focuses on future work of Bente Anda - Oslo University [1]. We will work 
on questions proposed in the research article text.  

 

1.2 Aims and Objectives 
The main aims of this endeavor are following: 

• Prioritizing the characteristics of evolvability. 
• Qualifications of an expert for assessment of software evolvability. 

 
Following objectives are defined to achieve the aims: 

• Literature review of Evolvability of Software Systems 
• Designing and conducting Survey 
• Compiling and analyzing the collected data through Survey 
• Evaluating characteristics of Evolvability 
• Evaluating qualifications of Experts 
• Validate the survey results through discussion. 

1.3 Research Questions 
The study will attempt to answer the following questions: 

• Which characteristics of the software systems are most important for evolvability 
and what are their priority levels according to experienced software developers? 

• What qualifications are required for an expert who conducts the expert assessment? 
 
These two research questions are basically two parallel activities which support each other. 
The evaluation and prioritization of software evolvability characteristics is knowledge which 
an expert may know and these are part of expert qualification. In this way these two research 
questions are interlinked. An expert would evaluate a software system based on the software 
evolvability characteristics discussed in the first research question. So expert's qualifications 
encompass the knowledge of software evolvability characteristics. 
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1.4 Expected Outcomes 
• Hierarchy of characteristics which are important for software evolvability according 

to experienced software developers. 
• The level of agreement among software developers regarding different 

characteristics.  
• The qualifications required for an expert to conduct assessment for software 

evolvability. 

1.5 Research Methodology /Approach: 
First we will conduct qualitative and quantitative analysis of the existing findings 

including the conclusions of Bente Anda [1]. By using the literature as knowledge base, we 
will make a questionnaire and conduct a survey. On the basis of viewpoints of experienced 
software developers, results would be compiled and analyzed i.e. whether our results 
complement the existing findings or contradict with them. The outcome of the survey will be 
a quantitative analysis. At the end a report would be prepared on the basis of research study 
and findings. 

1.6 Thesis Outline 
 

Chapter 2 (Evolvability of Software System) provides basic knowledge of the areas such as 
evolvability of software system. The concept of evolvability evaluation and its different 
approaches for assessment of software system are discussed in Section 2.1.  Section 2.2 
describes the evolvability factors effecting evolvability of software systems.  

 
Chapter 3 (Research Methodology) describes research methodology adopted for the thesis. 
Overview of the research methodology is given in Section 3.1. Literature review which is 
first part of research methodology is discussed in Section 3.2. Section 3.3 contains brief 
description of meetings with subjects to introduce the system. Section 3.4 is selection of 
question for questionnaire. Section 3.5 is about interviews that were conducted to validate.  
 
Chapter 4  (Conduction of Survey) is about survey design, planning and implementation 
Section 4.1 is about Survey Planning, 4.2 is about Questionnaire Design, 4.2.1 is Part 1 
Personal Data, 4.2.2 is about Part II Characteristics of software evolvability, 4.2.3 is about 
Qualifications required for an expert for assessing software evolvability, Section 4.3 is Pre-
Testing, Section 4.4 is Selection of Participants, Section 4.5 is about Implementation of 
Survey and section 4.6 is about Ethical Consideration. 

 
Chapter 5 (Analysis Of Survey) section 5.1 describes Survey Statistics of part II and III, 
section 5.2 describes observations of survey, section 5.3 describes analysis of the part II of 
the survey in which it describes the Choice of Classes and Names, Design, Architecture, 
Components, Encapsulation, Inheritance, Libraries, Simplicity, Naming, Comments, 
Technical Platform and Part III, Qualification, Technical Education, Technical Training, 
Development Experience, Technical Experience, Maintenance Experience, Testing 
Experience, Quality Assurance/ Management Experience 

 
Chapter 6 (Discussion validation Assessment) includes discussion and validation assessment 
of the thesis. In Section 6.1, the authors discuss different characteristic effecting evolvability 
of software system, and its evaluation on the basis of analysis and selected criteria. Section 
6.2 is about validity assessment of the results obtained. Section 6.3 provides answer to the 
research question. 
 
Chapter 7 (Epilogue) contains conclusion, recommendations, and future work. 
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2 EVOLVABILITY OF SOFTWARE SYSTEMS 
 
The software evolvability is an emerging concept in the world of software engineering. It is a 
quality attribute. ISO/IEC 9126 that calculates maintainability, same concept is considered 
for software evolvability [1]. Software evolvability and software maintainability are two 
overlapping concepts. Software evolvability is a broader term than software maintainability. 
Software maintainability focuses on fault correction i.e. corrective maintenance and adaptive 
maintenance whereas the term software evolvability includes software maintenance carried 
out to improve the performance, maintainability, or other quality attributes [11]. 
 
Jarrett Rosenberg [18] has identified that the definition of software maintainability lacks two 
essential aspects. First aspect is this that it does not justify the complete role of software 
maintainability and secondly it does not provide an accurate quantitative definition which 
may be used for modeling purpose. The definition describes software evolvability as “ease” 
with which software can be modified. Where as ease is not a software quality metric. 
 
Nowadays, information technology depends more and more on software at all levels. All 
sectors of society depend on the software support, including government industry, transport, 
trade industry and the private sector. Software productivity and quality of the software 
organization as a whole is still below expectations, software and systems continue to suffer 
from symptoms of aging, such as the development of applications. One of the main reasons 
for this problem is the fact that the software maintenance and modification is still in the 
development of traditional software. The only way to prevent the negative effects on the 
development of software is to change the process of developing software in the middle. An 
unclear and direct action for changing the development of software system is unnecessarily 
complicated and unreliable. Negative consequences of this situation are in rapid growth 
through innovation and technology, and society, changes in laws and internationalization. 
[5] 
 
The techniques used for evolvability should be at higher level of abstraction, so that they 
would not only accommodate the evolution of programs but also evolution of analysis and 
design models; software architectures; requirement specifications; and so on. [5] 
 
To resolve the problem various attempts are done in previous challenge to ensure scalability. 
It is necessary to develop robust solutions for industrial scale software. Various instruments, 
which are proposed for larger companies in the development of software are complex, there 
is an emphasis on the study of groups or individuals. This is a challenge, closely linked, 
Michele Lanza, development and promotion of uniform application in the context of joint 
research on software development. This problem raises questions as a tool for integration 
and interoperability and is one of the formats for the exchange and common standards, and 
so on. [5] 
 
The evolvability can be evaluated by the component of software and the associated 
documentation. Software evolvability depends on the evolvability evaluators. For example, a 
software component can be high in comparison with the original developer; it is difficult that 
the hypothesis of development can be tackled. Automatic analysis of a program is another 
type of evaluation of evolvability. 
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2.1 ASSESSMENT of SOFTWARE EVOLVABILITY 
  
We discuss software Evolvability and different methods to assess software Evolvability i.e. 
Structural Measures, Expert Assessment method and finally Combine Approach method.  
 
Evolvability, the ease of modification of a software system is difficult to assess but may have 
large economic benefits. Studies illustrate relation between software metrics, classes and 
their relevant attributes but little attention has been paid to the methods assessing Software 
Evolvability of a complete software system. [1] 
  
There are three types of approaches to measure the software evolvability, structural measures 
by Chidamber & Kemerer, denoted by CK-metrics [7] and Expert Assessments which are 
conducted by professional people and third approach is mixture of structural measures and 
expert assessments called combined approach. 
 

2.1.1 Structural Measures for Assessment 
 
The Structural Measures for assessment of software Evolvability metrics are developed by 
Chidamber & Kemerer [1], which are denoted by CK-metrics, are the most popular means of 
measuring Software Evolvability using structural properties of the software. The CK-metrics 
is based on class-level measures i.e. WMC (Number of methods in class), CBO (Coupling 
between objects), NOC (Number of children), DIT (Depth of inheritance tree), LCOM 
(Cohesion of methods) and RFC (Response set for a class). 
  
Research has been carried out to find the relation between the structural properties of the 
software system and software Evolvability. Research work conducted by Briand and Wuest 
[15] found that cohesion and coupling of classes are co-related with each other.  
 
An additional set of metrics which are used for overall assessment of software system are 
called MOOD apart from these metrics are not validated [7]. The research has been done 
regarding maintainability was focused on the maintainability of classes or packages of 
classes where less attention has been given to the maintainability of whole system. 
Recognized methods for assessing maintainability have hardly been regulated on unknown 
systems. 
 
The studies illustrate that CK-metrics behaviour regarding WMC and RFC was different on 
different systems [8]. Another formal approach called MOOD metrics gives the results of 
assessment for whole software system. Maintainability assessed by MOOD set of metrics is 
not experimentally confirmed. These set of metrics measures attribute hiding, attribute 
inheritance, method inheritance, polymorphism and coupling. So this approach is more 
focused on methods compare to the CK-metrics [10].  
 

2.1.2 Expert Assessment  
 

Expert Assessment is performed by professional people who understand the system. This 
approach depends deeply on the experts, who perform the maintenance on the system. Its 
reliability is a matter of question because experts may have partial opinion, particularly when 
they are analyzing the designs for assessment with which they are not well-known. There are 
two types of expert assessments i.e. Guided Assessments and Unguided Assessments [1].  
 
A good example of guided Expert assessment is America’s Air Force operation Test and 
Evaluation Centre (AFOTEC) pamphlet. It has set of instructions to perform the assessment 
but these instructions are not specifically for object oriented software’s [17]. Studies have 
shown different results for expert assessments. Reliability of Expert assessment method is 
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also controversial. Code smell is another example of guided strategy. This approach can 
show us the quality of maintainability i.e. good, poor. But this approach has not been proved 
explicit experiment as experts analyze the code differently for code-smells [2].  
 

2.1.3 Combined Assessment 
 

Studies have been carried out to find the co-relation between structural based measurements 
and expert assessments and how to merge them to get the optimum result. Mayrand and 
Collier developed a combine structural approach which uses expert assessment with 
structural measures and it has been found quite useful [12].  
 
Maintainability Assessment is very helpful in predicting the future costs of the software 
system. Infect maintainability assessment methods have been studied for predicting the cost 
estimation of the software system. In the mean while it has been found that Expert 
Assessments are used more than structural measures. Expert Assessments has a better 
performance than formal methods because important variables which influence the 
development of the project are not well addressed in formal methods. Expert assessment 
methods have partial results due to the human factors involved in it. Therefore combine 
approach utilizes the advantages of both formal and expert method giving the optimum 
result. [13] 
 
Expert Assessments are not easy in a whole software system especially when the software 
system is large. In this case we need to develop a strategy for assessing the software system. 
AFOTEC which is also Expert Assessment method assesses the software by selecting 
random samples of code [17]. However the approach followed by Mayrand and Coallier [12] 
is based on assessing the software system by selected samples of code chosen by the 
developers. 

2.2 SOFTWARE EVOLVABILITY FACTORS 
Evolvability factors are the characteristic of a software system on the basis of which the 

software evolvability is measured. These factors make software system easy to understand, 
easy to maintain or evolve changes in software. Developers can formulate software system 
more evolvable by taking care of these factors. Various researchers have discussed these 
factors and almost all of them have identified identical factors. We would like to discuss here 
the factors that are being named and discussed by David E. Peercy, David A. and Bente 
Anda.   

 
David E. Peercy [14] has claimed that there are six factors of Software Evolvability or 

Maintainability which are mentioned and described as follows:  
 
1. Modularity 
2. Descriptiveness 
3. Consistency 
4. Simplicity 
5. Expandability 
6. Instrumentation 
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2.2.1 Modularity 
 

Modularity of the software tells us that a software system have logical partitioning such that 
when one partition is changed the other partitions are not affected. Hence this makes the 
evolution process a bit easier as we have to deal with only that partition of the software 
which needs to be updated to the new changes. 

 

2.2.2 Descriptiveness 
 

It is the description or the manual of the software. Software system is more evolvable, if it 
contains useful explanation of the system design in its documentation [14]. Program design, 
logic used and its syntax should be described in details for the developers. It is easy for them 
to modify the software system. 

 

2.2.3 Consistency 
 

The use of consistent naming rules during the software development makes the software 
more evolvable. For software evolvability it should use some standards and conventions in 
documentation, flowchart construction, I/O processing, module interfacing, error processing 
and naming of modules/variables are usual reflections of consistency [14]. 
 

2.2.4 Simplicity 
 

Standard Programming languages and development tools which will be used to develop the 
software makes easy to understand. It makes easy to understand the software for developer in 
future. A good example is one of the factors, rather than using the assembly language used in 
a high-level language that is easy to understand [14]. In addition, the code is simple enough 
to be regarded as easy to understand. Category, modules, loops and loops integrated should 
be exercised in a manner that would be simple. 

 

2.2.5 Expandability 
 

“Software may be reasonably understandable but not easily expandable [14].” It is difficult to 
expand the software by modifying because the developer may not have extra storage. 
“Parameterization fundamental constants quality of available data, structure and size tend to 
improve scalability” [14]. Also the structure of the documentation should be such that any 
physical change in it can be possible. So that after modification to the software code or 
design the developer may be able to add changes to the software’s documentation as well. 

 

2.2.6 Instrumentation 
 

Instruments are also known as test tools or test aids that are provided with the software for its 
evaluation [14]. David E. Peercy argues that these instrumentations or the test tools should 
use a combination or anyone of the following categories: 

 
• Embedded into the software program 
• It can be easily embedded into the software anytime 
• It is available through other software programs that supports or correlates with 

our software. 
 

Furthermore the above all quality factors may be combined into three categories which 
are as following; [14] 
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Quality Factors Quality Sub-Factors 

Modularity 

Understand ability Descriptiveness 
Consistency 
Simplicity 
Expandability Modifiability 
Instrumentation Testability 

Table 2.1 Software Evolvability factors 
 
The first four quality factors have a relation with understanding, it means that these makes 
easy to understand the software. Expandability have a relation with modifiability, it means 
that by which level software can be easily changeable or modified to make it adaptable. 
Instrumentation deals with the testability, it means the facility through which the software is 
evaluated or it is a standard by which software can be tested. 

 
The six factors are discussed by David E. Peercy in 1981 in a article [14], while there is 
another article written by David A. in 1989 titled “Software Maintainability-A New ‘ility’.” 
In this article the author discusses the same quality factors as discussed by David E. Peercy 
except the fact that he categorized these factors into five. 

 
According to David A. the software should have the following characteristics to be better 
enhanced in future: 
  
1. Consistency 
2. Modularity 
3. Descriptiveness 
4. Testability 
5. Changeability  
 
Although the first four factors are the same as discussed by David E. Peercy, however the 
last factor is bit change. Changeability is the ability of the software to adapt itself to the 
changes in physical storage, data storage or execution time. Hence the software is more 
portable and can be easily transferred from one storage media to another. [15] 
 
The characteristics mentioned by David E. Peercy and David A. are the major characteristics 
on the basis of which in 2007, Bente Anda [8] in his research paper mentioned the eleven 
characteristics. These eleven characteristics are actually the more detailed version of 
categories proposed by David E. Peercy and David A. The eleven characteristics are: 
 

1. Choice of Classes 
2. Design 
3. Architecture 
4. Components 
5. Encapsulation 
6. Inheritance 
7. Class Libraries 
8. Simplicity 
9. Naming 
10. Comments 
11. Technical Platform 

 
In our thesis we have considered these eleven characteristics since we are working on future 
work of Bente Anda [1]. These characteristics are discussed in more detail under the heading 
6.1.1 of discussion part.  
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2.2.7 Other Factors 
The other factors which may influence evolvability are as follows [18]: 

• The skill and qualification of the maintainer i.e. programming skills, familiarity with 
the development tools and software system being modified. 

• Organizational support to the evolvability. 
• The characteristics of the methods being used in maintenance like number and type 

of tools; practices of maintenance; regressions testing for modification. 
 
In fact currently we do not have any measures for finding the skills level of programmer. 
Since programming skills differ among programmers. Even we do not have rough estimation 
of programming skills. 

2.3 Summary 
Software evolvability plays an important role in the software life cycle. It is ease with 

which software system can be modified for future requirements. There are different methods 
for assessing the software evolvability. Mainly, structural measures; expert assessment and 
combined approach. Structural approach focus on the class level measures i.e. inheritance, 
modularity, coupling etc. Whereas, the expert assessment approach utilizes experts opinion 
regarding the software system i.e. how much it is evolvable? Combined approach is a 
combination of structural measures and expert assessment. 

 
According to David E. Peercy software evolvability depends upon six factors [14] i.e. 

modularity, descriptiveness, consistency, simplicity, expandability and instrumentation. 
However, David A. Sunday considered five factors which are modularity, descriptiveness, 
consistency, testability and changeability. Moreover, there are other factors which also 
influence the software evolvability i.e. skills and qualification of the maintainer, 
organizational support to evolvability and characteristics of the methods being used for 
maintenance.  
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3 RESEARCH METHODOLOGY 

3.1 Overview 
 
Research methodology is of great importance to conduct a research. It allows thinking far 
long before start of research. In our case we adopted the mixed research approach as 
elaborated by Creswell (2003). The research is carried out on multiple phases. In the early 
phase, complete literature review is done to understand the evolvability of software systems 
and identify their most important characteristics in the context of software evolvability. This 
literature review helped to select the effective procedure of survey conduction, guidelines, 
criteria for evaluation and analysis of survey. 
 
Questionnaire is designed on the basis of literature review; criteria; and guidelines selected 
for survey evaluation of the system. Analysis of results is made after compiling the results of 
questionnaire. Details of each phase are shown in the figure below: 
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3.2 Literature Review 
 

Literature review is done in the initial phase to get the current state of research 
in evolvability of software systems. A systematic approach is adopted to search the literature. 
To find the relevant published literature, the authors defined key search terms relevant to the 
topics. BTH Electronic Library Information Navigator (ELIN) was used as net surfing tool to 
search the available literature. The authors also selected some highly relevant journals and 
conference proceedings to search the relevant literature of last years. These selected journals 
were ACM Transactions on software engineering, IEEE research journals on software 
engineering and references used by the Bente Anda in his research paper “Assessment of 
Software System Evolvability”. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.2 Literature Review 
 

3.3 Informal Discussion 
The authors started informal face to face discussion with fellow students and with 

different software developers to discuss the topic in parallel with literature review. A 
positive response is received from the fellow students and professionals. This helped us to 
design a good survey. Throughout this process we discussed the findings and thoughts with 
our supervisor. Due to proper feed back from our supervisor we moved on further steps.  

3.4 Questionnaire 
. 

 After literature review and informal discussions, we designed a questionnaire to get 
the software developers / PhD students / product managers' opinion about the characteristics 
related to evolvability of software system and requirement for the selection of an expert. The 
questionnaire was distributed to the participants. The objective of this questionnaire was to 
get the quantitative data about evolvability of software system. Questionnaire is formulated 
by considering the characteristics mentioned by Benta Anda [1], we find that the evolvability 
depends upon the eleven characteristics which are: Choice of classes, Design, Architecture, 
Components, Encapsulation, Inheritance, Class Libraries, Simplicity, Naming, 
Comments, and Technical Platform. Figure 3.3 below shows pictorially the procedure that 
we followed in designing the questionnaire 
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Figure 3.3 Questionnaire 
 
 

3.5 Data Analysis Methodology 
 
Our data analysis methodology is based on following steps: 
 
Step 1: Reporting information about the number of participants who returned the survey 
form and who did not. 
 
Step 2: Identifying the tool for response bias and determining its level of presence in the 
survey conducted. 
 
Step 3: Discussing the independent and dependent variables in the study. 
 
Step 4: Determine the scales for data analysis. 
 
Step 5: Identifying the tool or computer software for analyzing the results of research 
questions in the study and rational for choosing the tool. 
 

 

3.6 Summary 
The importance of research methodology can't be neglected because it gives us thought 

about our research before start. So there is a positive impact on research. We are able to 
understand the structure of our work and have rough idea about research procedure. 
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Our research methodology on theme evolvability of software systems is consistent of 
few steps. These steps are literature review, informal discussions and then development of a 
questionnaire. Thereafter questionnaire is distributed to the subjects and conclusions are 
drawn, based on their feedback and analysis of results. 

 
 The last part of this chapter contains the data analysis methodology which is basis 
for the data analysis. We designed the research methodology in such a way that it should 
address the research questions; meet the target objectives while validating the results 
obtained.    
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4 CONDUCTION OF SURVEY 
 

 This chapter is about planning and conduction of Survey. Where section 4.1 
describes planning for survey; section 4.2 discusses the questioner design; section 4.3 
describes merits of the survey; section 4.4 describes demerits of the survey; section 4.5 deals 
with pre-survey part of survey; section 4.6 describes selection of subjects; section 4.7 
describes the conduction of survey; 4.8 describes ethical consideration while conducting 
survey and 4.9 describes response behavior of participants.  

4.1 Survey Planning 
 

For a successful conduction of survey we visited different software houses and discussed all 
factors related to survey with professionals. According to the literature view and informal 
discussion we designed a questionnaire for survey. Merits and Demerits are defined to do 
appropriate survey.  Experienced and qualified professionals from software industry are 
selected for survey.  Once the survey was completed then statistical analysis was done to 
analyze the final results of survey. Based on the results and literature review we tried to find 
out the answers of questions.  

4.2 Questionnaire Design 
 

In the light of literature review of Bent Anda's future work [1] and the informal discussions 
with software developers and professionals, we have designed the following questionnaire 
that is based on eleven characteristics affecting software systems evolvability. The survey 
form has three parts i.e. first part is to gather the personal details of participant of survey, in 
which participant has to provide his personal details including education and work 
experience. In second part participant has to prioritize the 11 characteristics (Choice of 
classes, Design, Architecture, Components, Encapsulation, Inheritance, Class Libraries, 
Simplicity, Naming, Comments, And Technical Platform) related to software evolvability. In 
third part participant defines the required qualification for an expert to assess the software 
evolvability. Following is the format of survey form: 
 

4.2.1 Part I: Personal Information 
 
 
 

Name:  ___________________________________________ 
 

Email Address:__________________________________________ 
 

Age: ____________ Gender: ________ 
 

Qualification ___________________________________________ 
 

Profession ___________________________________________ 
 

Experience in Years______________________________________ 
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4.2.2 Part II: Characteristics of Software Evolvability 
 

(i) 
Choice of Classes 1 2 3 4 5 6 7 8 9 10 11 

(ii) Design adapted to system 
1 2 3 4 5 6 7 8 9 10 11 

(iii) Three-layer architecture 
1 2 3 4 5 6 7 8 9 10 11 

(iv) Good use of Components 
1 2 3 4 5 6 7 8 9 10 11 

(v) Encapsulation 
1 2 3 4 5 6 7 8 9 10 11 

(vi) Inheritance 
1 2 3 4 5 6 7 8 9 10 11 

(vii) Good use of class libraries 
1 2 3 4 5 6 7 8 9 10 11 

(viii) Simplicity 
1 2 3 4 5 6 7 8 9 10 11 

(ix) Naming 
1 2 3 4 5 6 7 8 9 10 11 

(x) Comments 
1 2 3 4 5 6 7 8 9 10 11 

(xi) Appropriate technical platform 
1 2 3 4 5 6 7 8 9 10 11 

 
Remarks: ____________________________________________________________ 

 
 

4.2.3 Part III: Qualifications Required for an Expert for Assessing 
Software Evolvability 

 
 

a) Qualification: _______________________________ 
 

b) No. of Years of Technical Education:______________________________ 
 

c) Technical Training Required (if any):_____________________________ 
 

d) Development Experience: ______________________________ 
 

e) Technical Experience: _______________________________ 
 

f) Support/Maintenance Experience:_______________________________ 
 

g) Testing Experience:  _______________________________ 
 

h) Software Quality Assurance/Management Experience: ___________________ 
 

i) Remarks:___________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 

 
 
 
 



  24

4.3 Suitability of Research Technique 
Data collection technique which we used is survey based upon the fact that its economic and 
less time consuming compared to other data collection techniques e.g. interview. Other 
merits and demerits of this technique are below. 

4.4 Merits of Survey 
The merits of survey are as follows: 

• It allows us to collect diverse information using structured questions with many 
stakeholders in a short frame of time. 

• It is completed by mail, telephone or in person. 
• Its results are quantifiable and generalize able to a whole population. 
• The standardized and structured questionnaire eliminates the interviewer biases.  
• It takes less time to analyze as compared to qualitative data. 
 

4.5 Demerits of Survey 
The demerits of survey are as follows: 

• Difficult to obtain comprehensive understanding of the subjects perspective 
compared to an in-depth interview. 

• It can be expensive. 
• Require statistical skills, sampling of data, knowledge to analyze and interpret the 

results. 

4.6 Pre-Testing 
 

Pre-test was designed to assure that questions for the above survey were properly defined 
and participants have no difficulty in understanding each part. For pre-testing two 
participants were selected randomly and improvements were made on the basis of their 
feedback.  

4.7 Selection of Participants 
 

The selection of participants often referred as subjects in this document are chosen on the 
basis of convenience. We selected software developers; team leaders; quality assurance 
managers; testing engineers; and PhD students for the survey.  There were thirty persons 
participating in the survey.  Among them all have a valid knowledge, experience and 
competency in their fields.  

4.8 Implementation of Survey 
For carrying out survey we visited different software houses where we met software 
developers, team leaders, quality assurance managers, testing engineers and some PhD 
students. During our visit we introduced them that they are requested to participate in the 
survey and explained the nature & way to fill the survey. We provided them the survey 
forms which they returned after filling.  
 

4.9 Ethical Consideration 
We assured to comply with ethical obligations during survey conduction. For this reason we 
informed participants that their participation will be voluntary. Their answers will be helpful 
for ensuring the validity of study. We will not share their personal information with any 
authority while their inputs will be used to analyze the results of the study.   
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4.10 Summary 
In this chapter we discussed the design and conduction of survey. We visited different 

software houses and discussed all the factors related to the survey. Experienced and qualified 
professionals were selected as subjects. To get the survey feedback we made phone calls, 
email reminders and personal meetings. Which result in high survey response i.e. 75%. 
Questionnaire was designed into three parts namely as personal information, characteristics 
of software evolvability and qualifications required for an expert. Pre-test was also designed 
to assure that the questions for the survey were properly defined and participants had no 
difficulty in understanding them. Participants of the survey included software developers, 
team leads, software testers and research students. Special consideration was given to the 
ethical issues in design and conduction of survey. 
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5 ANALYSIS OF SURVEY 
 
This chapter is based on results of the survey. It presents the survey statistics; observations; 
and analysis, where section 5.1 describers survey statistics; 5.2 is observations; and 5.3 is 
analysis. 
 
The analysis of the collected data is based on methodology defined in research methodology 
chapter and their results are following:  
 
Step 1: Reporting information about participants; there were total 40 participants in the 
survey, out of which 30 responded and rest of the 10 did not responded. Details are shown in 
the table below: 
 
 Respondents Non Respondents 
Number 30 10 
Percentage 75% 25% 

Table 5.1 Response behavior 
 
Step 2: Response bias is an important factor in the survey conduction as it has a significant 
affect on the results. We used wave analysis method for respondent non-respondent analysis. 
In wave analysis we checked the behavior of the respondent on weekly basis to find out if 
the average response level changes. We noticed that 3 participants returned the survey form 
in the last week so we assumed that according to the wave analysis their response might be 
biased. In order to overcome the potential response bias we made phone calls to these 3 
participants to check if their response deviates from the survey form they returned. 2 of the 3 
participants had different answers to the questions in the survey form. 
 
Step 3: In our research study, survey participants were the independent variables while the 
hierarchy of characteristics of software evolvability and the level of qualification of expert 
are dependent variable.  
 
Step 4: In this study we used mean, median, mode and standard deviation as scale to report 
the results. 
 
Step 5: We used Microsoft Excel 2007 as statistical tool for analyzing the results of research 
questions. We used this tool for analyzing the data as it provides useful formulas, graphs and 
charts for presenting the data. 

5.1 Survey Statistics  
 

In this section we discussed the results of Part II and Part III of survey. Table 5.1.1.1 below 
summarizes the results of Part II. Where first row presents characteristics related to 
evolvability; second row gives percentage of each characteristic according to carried survey; 
third row shows the priority number of each characteristic and the last three rows describe 
mean, median, mode and standard deviation for each characteristic.  
 
The mean, median and mode are the measure of central tendency that show the "middle" of a 
data set. This "middle" is also called average and can be inferred as an approximation of the 
expectation of the stochastic variable from which data points in date set are sampled. [19]   

5.1.1 Survey Statistics of Part II 
This part contains summary of characteristics effecting software evolvability; standard 
deviation for software evolvability characteristics; and detailed survey results of Part II. 
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5.1.1.1 Summary of Characteristics Effecting Software Evolvability 
The following table shows the survey statistics of the software evolvability characteristics 
and their priority hierarchy. As shown in the table design of the software system has got the 
highest priority while technical platform is at the bottom. The table 5.1.1.1 also contains 
overall mean, median, mode and standard deviation for software evolvability characteristics.  

 

C
haracteristics 

C
hoice of 

classes 

D
esign  

A
rchitecture 

Com
ponents 

Encapsulation 

Inheritance 

Class Libraries 

Sim
plicity 

N
am

ing 

Com
m
ents 

Technical 
Platform

 

Highest 
No. of 
Votes 

12 16 11 12 8 14 9 13 12 14 12 

Priority 
Number 

4 1 2 5 3 7 6 8 9 10 11 

Mean 4.70 2.23 3.90 4.50 4.67 7.20 5.87 6.13 9.50 9.47 7.60 
Median 4.00 1.00 2.50 5.00 4.50 7.00 6.00 7.50 9.00 10.00 9.00 
Mode 4.00 1.00 2.00 5.00 3.00 7.00 6.00 8.00 9.00 10.00 11.00
Standard 
Deviation 

1.95 1.83 2.73 1.78 2.31 1.61 2.62 2.84 1.22 1.72 3.79 

Table 5.1.1.1 Final Results of Part II 
 

In the above table if we look on the mode values, where mode represents most common 
values that occur in the sample set. We can analyze that the value of mode is exactly same as 
priority number. So it is cross checked that most of the subjects in the survey are agreed that 
design is on top priority and other characteristics come later as shown in the priority number.   

5.1.1.2 Standard Deviation for Software Evolvability Characteristics 
The detailed standard deviation statistics for software evolvability characteristics is shown in 
Appendix 1. According to the findings of survey technical platform, simplicity and 
architecture have higher range of standard deviation i.e. 3.79, 2.84, 2.73 respectively, which 
means that the survey participants have different opinion. There is variation in their opinion 
and the standard deviation shows the variation value for respective characteristic. Similarly, 
comments, inheritance and naming have least deviation i.e. 1.72, 1.61, 1.22 respectively, 
which infers that the survey participants have almost same opinion. There is less variation in 
their opinion and from standard deviation we get the exact value of maximum variation. 

5.1.1.3 Detailed Survey Results of Part II 
The Appendix 2 shows the detailed survey results for software evolvability characteristics by 
each participant. From which we can view the opinion of individual participant.  
 

5.1.2 Survey Statistics of Part III 

5.1.2.1 Qualifications required for an expert to assess software evolvability 
The table below shows the summary of survey statistics for qualifications required for an 
expert to assess software evolvability.  
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Criteria 
for the 
Expert  

Q
ualification 

T
echnical 

E
ducation 

T
echnical 

T
raining 

D
evelopm

ent 
E

xp 

T
ech. E

xp 

M
aintenance 

E
xp 

T
esting E

xp. 

Q
.A

/ 
M

anagem
ent 

E
xp. 

Highest 
No. of 
Votes 

18 12 20 10 12 13 12 19

No. of 
Years 

16 4 1 3 2 2 1 1

Mean 15.73 3.40 1.49 3.37 3.00 2.17 1.25 1.32
Median 16.00 4.00 1.00 3.00 2.00 2.00 1.00 1.00
Mode 16.00 4.00 1.00 3.00 2.00 2.00 1.00 1.00
Standard 
Deviation 

0.58 1.43 1.14 2.28 2.29 1.29 0.80 0.71

Table 5.1.2.1 Final Results of Part III 

5.1.2.2 Standard Deviation for Qualifications Required for an Expert 
Appendix 3 shows the detailed standard deviation statistics for qualification required for an 
expert. According to the findings of survey, development and technical experience have 
higher range of standard deviation i.e. 2.28, 2.29 respectively. This means that the survey 
participant's opinion varies more for these two. Similarly, qualification and quality 
assurance/management experience have least deviation i.e. 0.58 and 0.71. This infers that the 
survey participants have almost same opinion since there is less variation in their opinions. 

5.1.2.3 Detailed Survey Results of Part III 
The Appendix 4 shows the detailed survey results for qualifications required for an expert to 
assess software evolvability by each participant.  

5.2 Observations  
We have calculated the results of survey. These calculations are classified into general and 
characteristics-related calculations. General calculations belong to the overall results for a 
part of survey. While characteristics-related calculations are specific to an individual 
characteristic. In the following sub sections, these calculations are described.  
 

5.2.1 General Calculations 
In this section we will observe both part of the survey. Part II is related to the characteristics 
effecting evolvability of the software system and Part III is related to the required 
qualification for an Expert to assess the software system. 
 

5.2.2 Part II (Characteristics Effecting Software Evolvability) 
 
There were 30 participants in this survey. They gave their opinion regarding the 
characteristics effecting software system evolvability. According to survey results the 
characteristics are prioritized as; 16 participants say that Design is the 1st factor which 
affects the evolvability of software system, 11 participants have opinion that Architecture is 
the 2nd factor which effect the evolvability, 8 says that Encapsulation is the 3rd factor which 
effects the evolvability of software system, 12 participants  have opinion that Choice of 
Classes is the 4th characteristic which effect the evolvability, 12 participants says that 5th 
characteristic, effecting evolvability is Components, Class libraries are the 6th factor 
effecting evolvability of the software system according to 9 participants. According to 14 
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participants Inheritance is the 7th factor effecting evolvability, 13 participants says that the 
Simplicity is on number 8 effecting evolvability, 12 participants says that Naming is on 
number 9 in the list of factors effecting evolvability. Comments are on number 10, according 
to 14 participants, 12 participants say that Technical platform is 11th factor affecting the 
software evolvability.  All details about the opinion are displayed in Appendix 2. 
 
Choice of Classes: According to our literature review and the survey results, choice of 
classes is an important factor affecting the software evolvability. Our survey results shows 
that most participants think that it should be on the 4th number in the priority list because 
there are some other factors which are more important.  Some other participants have 
different point of view and they think that it should be on 3rd number but the ratio of this 
result is low. The participants ranked Choice of Classes at 3rd, 5th, 1st, 7th, 9th, and 8th place in 
the priority list.  We found that choice of classes is an important factor but Design has got 
more importance. 
 
Design:  The study shows that Design is an important factor which affects software 
evolvability. The strength of software depends on design of software as it serves as 
foundation for software system. A poor design can lead to a poor functionality and 
performance, complex processing and inconsistent user interface. Our survey results show 
that design is on the 1st place in the priority list. Most of the participants have a view that it 
should be on the 1st place, half of them think that it should be on 3rd place, others think that it 
is important but they give different rank to it. They suggest that it should be on 2nd, 4th, 7th, 
8th and 5th place. We observe that the Design is on the 1st place in the priority list because 
strength of software depends on it. 
 
Architecture:  Architecture is also an important factor of software evolvability according to 
the literature review as it quality and reliability depends on architecture of the software 
system. In our survey results we found that 1/3 of the participants placed it on 2nd position of 
the priority list. 5 participants placed it on the 1st position, 4 thinks that it is on 6th place but 
other 4 placed it on 5th place, rest 6 participants places it on 11th, 7th and 4th position in the 
priority list. We observe that the Architecture is 2nd important characteristic of software 
evolvability because system lies on strong architecture. 
 
Components: Components of software system are very important; according to the survey 
results 12 participants placed it on the 5th number in priority list, 5 participants say its place is 
4th in the list, 5 says its number is 3rd, 4 says it places at number 6th, 2 people say it should be 
at 2nd place, 1 participant says it should be at 1st place and one participant thinks that it 
should be at 11th place in the priority list. We observe that the components are the 5th 
characteristic which affects the evolvability of software system. Component based software 
development can significantly reduce the cost of software development and result in rapid 
application development and decreased maintenance cost. [20] 
 
Encapsulation: According to the survey results 8 participants say it should be at 3rd place in 
the priority list, 6 participants says it should be at 5th place in the list, 3 says it should be at 
4th, 3 says it should be at 6th, 3 says it should be at 9th place, 2 participants says that it may be 
placed 2nd place in the list, 2 says 8th place, 2 says 1st place and rest one participant believe 
that it should take place at 7th in the priority list. Encapsulation is used to hide the functions 
into classes, because these functions confused developer to understand their functionality in 
the maintenance phase. We found that the majority of participants placed it on the 3rd 
position.  
 
Inheritance: Inheritance provides a simple technique to expand and reuse source code 
without modifying the software system [21]. According to survey results we observed that 
approximately ½ percent of participants gave 7th place in the priority list; out of the ½ 
participants, half of them placed it on 8th position, 3 participants placed at 10 number, 2 says 
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it is on 3rd place other 2 says 6th place and the rest 2 participants placed it on 9th & 5th place. 
We observe that inheritance is an imperative characteristic of the software system. But it is 
not as important as design and architecture. 
 
Class Libraries: Class libraries are most common part of programming, Class libraries are 
helpful in rapid application development and it also enhances the modularity. In the survey 
results we observed that 9 participants placed it on 6th number, 6 participants say it is on the 
4th place, other 5 says that its is on 10th place in the priority table, others 2 participants gives 
2nd place, 2 peoples say it should be at 3rd, 2 peoples say it should be at 7th, 2 people say it 
should be at 9th place in the list, one person thinks that it has 1st place in the list, rest says it 
should be 5th place in the list of priority. We found that the highest recommendation for 
class libraries is number 6th in the priority list. 
 
Simplicity: Simplicity is the 8th important characteristic of the software evolvability 
according to the survey results.  Participants placed it at 2nd, 7th, 1st, 3rd, 6th, 9th, 4th, and 11th 
number also randomly according to survey results. We observe that the best place for 
simplicity is on 8th number because class libraries are more important to it.  
 
Naming: Naming is an important part of the software system. Developer uses the naming 
pattern to make coding understandable and readable after & during the development. Our 
survey results show that it is important but it should be on the 9th place because there are 
some other important characteristics those are more important then it. Some other survey 
results show that other participants placed it is on 11th, 10th, 7th and 8th numbers. But the 
majority decides that it should be at 9th place. 
 
Comments: According to the survey results 14 participants of the survey have opinion that 
it should be at 10th important characteristics of software evolvability, 6 says that according to 
their opinion it should be at 11th place in the priority list, 5 says that it should be 8th number 
in the priority list, other 4 have opinion that it should be on number 9th in the list. Rest 1 
participant say it should be at 2nd number. We observe that it is important to use comments in 
the software during development because it helps in the maintenance phase of software 
system. But it is not as important as design or architecture.   
 
Technical Platform: Technical platform is another common used characteristic of software 
system. Survey results show that 12 participants of the survey have opinion that it should be 
at 11th place in the list, 4 says that it should be at 9th place, 4 says that is on 2nd place in the 
list, 3 says that it is on 5th number in the list, 2 says it should be on number 10 in the list, 2 
says that it should be at 1st number in the list, 2 says that its number is 6th in the list, rest  
thinks that it should be at 3rd number in the priority list. We observe that technical platform 
is important characteristic of software systems which affect the software evolvability. But 
other characteristics are more important then this. Technical platform raises issues like 
license e.g. if a particular application is designed for a particular platform then user would 
have to buy that platform to use that application, so application development should be 
platform independent.  
 

5.2.3 Part III (Qualifications required for an expert to assess software 
evolvability) 
 

Qualification:  Qualification is an important requirement for an expert to assess the software 
evolvability. According to survey results 18 participants suggest that the qualification of an 
Expert should be Master, 10 participants of the survey disagree with them and they suggest 
that Bachelor education is enough of expert to assess the software system, rest 2 disagree 
both categories and they suggest that an expert should be PhD in his specific field. We 
observe that the qualification of a software expert should be master at least. 
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Technical Education: Technical Education is another prerequisite of expert. Survey results 
shows that 12 participants of the survey says that expert should have 4 year of technical 
education, 9 participants disagrees with them and they say 2 year of technical education is 
enough for the expert, 3 participant disagree both of them and they say that expert should 
have 6 year of technical education, 2 participants say that 1 year of technical education is 
enough other 2 says expert should have 3 year of technical education rest of 2 disagree all of 
them and say expert should have 5 year of technical education. We observe that the technical 
education of an expert should be at least four year. 
 
Technical Training: Technical Training is the third important prerequisite for an expert. 
Survey results show that 2/3 participants say that expert should have 1 year of technical 
training, in the rest 1/3 participants 4 participant disagreed with them and they say technical 
training should be 2 year, 2 participants say expert should have 3 year of technical training, 2 
participants say technical training should be 5 year, rest 2 say .5 year of technical training is 
enough for an expert to assess software system. We observe that technical training should be 
at least 1 year because it helps easy to understand and assess.  
 
Development Experience: Survey results shows that 1/3 Participants of survey suggest that 
expert should have 3 year of development experiences, 7 disagree with them and they say 
that 1 year of  development experiences is enough, 6 participants say expert should have 5 
year of development experiences, 3 of them say expert should have 2 year of development 
experience, 2 participants say development experience should be 4 year, other 2 participants 
say there should be 10 year of development experience, rest 1 say 3 year of technical 
experience is enough for an expert to assess the software system. Developers can easily 
understand the software system. We observe that the development experience of software 
systems should be at least one year. 
  
Technical Experience: According to the survey results 12 participants of the survey suggest 
expert should have 2 year of technical experience, 6 says that he should have 1 year of 
technical experience, 4 are suggested that technical experience should be 3 year, other 4 
suggest technical experience should be 5 year, 2 participants have opinion that technical 
experience should be 4 year, rest 2 says 10 year of technical experience is necessary for an 
expert to understand software system. We observe that the technical experience of an expert 
should be minimum two year. 
 
Maintenance Experience: Maintenance experience is another prerequisite of expert. Survey 
results shows that 13 participants of survey suggest that expert should have 2 year of 
software maintenance experience, 10 participants say 1 year of maintenance experience is 
enough, 4 participants say expert should have 5 year of maintenance experience, rest 3 say 
maintenance experience should be 10 year for an expert to assess the software system. We 
observe that a person how have software maintenance experience can understand in a better 
way. Expert should have as least 2 year of maintenance experience. 
 
Testing Experience: Software testing experience is also important for an expert. Survey 
results shows that 12 participants of survey say expert should have 1 year of testing 
experience, 9 participants of them say testing experience should be 5 year, 6 participants 
suggest testing experience should be 2 year, rest 3 say it should be 3 year of testing 
experience for an expert to assess software system. We observe that software testing 
experience gives broad knowledge of software  
 
Quality Assurance/ Management Experience: Quality assurance/ Management experience 
is also a prerequisite for an expert. Survey results shows that 19 participants of survey 
suggest, expert should have 1 year of quality assurance or management experience, 5 
participants disagree and say Q.A/management experience should be 2 year, 4 say it should 
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be 3 year of quality assurance / management experience, rest 3 suggest expert should have 5 
year of quality assurance / management experience to understand software system. We 
observe that software quality assurance/ management experience gives a clear prospective of 
software system.  

5.3 Analysis 
To get the concrete results, the authors perform the quantitative analysis of questionnaires. 
Participant's response against each question is calculated and given a percentage which is 
shown in Appendix 1. Key facts are described below.  
 

5.3.1 Part II (Characteristics of Software Evolvability) 

5.3.1.1 Choice of classes 
 

We analysis that survey results shows 40% of participants say that it should be at number 4 
in the priority table, 13.34% participants say that it takes place at 3rd. 13.34% participants say 
that it takes place at 6th number, 6.66% participants says that it takes 1st Place, 6.66% 
participants says that it takes place 7th, 6.66% participants says that it takes 9th place in the 
priority table, other 3.34% says it should be at 8th place in the priority table. Majority of the 
survey participants gives suggestion that the choice of the classes is fourth important 
component of software system which affects the software evolvability. 
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Chart no. 5.3.1.1a Choice of Classes 

 
The chart below shows the standard deviation for choice of classes. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the choice 
of classes is on priority number four. It has standard deviation i.e. dispersion value 1.95. 
That means there is less difference in the opinion of the participants for giving priority level 
to choice of classes, since there is less spread in the values received through survey from 
participants.       
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Chart no. 5.3.1.1b Standard Deviation for Choice of Classes 

5.3.1.2 Design 
 

Analysis of the survey results shows that 53.33% participants say it should be at number 1 
place table of priority, 16.66% participants say it placed at number 3, 13.34% says it should 
be at 6th number in the priority table, 13% say it has a place at 2nd in the table, 7% percent 
people says that it will be at number 4, 3.34% participants say it place is 7th, 3.34% 
participants say it place is 8th, rest 3% says it places 5th number in the priority table. We 
analysis 53.33% participants have opinion that the design is the first most important 
component of the software system which affects the evolvability of software system. Whole 
software system based on the design if design is not strong the system will crashed. 
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Chart No 5.3.1.2a Design 

 
The chart below shows the standard deviation for design. It shows the values of standard 
deviation for each participant in the survey. According to the mode value the design is on 
priority number one. It has standard deviation i.e. dispersion value 1.83. That means there is 
less difference in the opinion of the participants for giving priority level to design, since 
there is less spread in the values received through survey from participants.      
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Chart No. 5.3.1.2b Standard Deviation for Design 

5.3.1.3 Architecture 
Survey analysis shows that 37% participants say its number is 2nd in the priority table, 
16.66% says its number is 1st in the table, 13.34% says its number is 6th in the list, 13% says 
it number is 5th in the list, 7% participants say it takes at 4th, 7% participants say it takes at 
11th place, 6.67% says that it takes 7th place in the priority list. We analysis high number of 
participants have opinion that architecture is the 2nd most important factor of software system 
which involve in the software evolvability.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Chart No 5.3.1.3a Architecture  
 
The chart below shows the standard deviation for architecture. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
architecture is on priority number two. It has standard deviation i.e. dispersion value 2.73. 
That means there is some difference in the opinion of the participants for giving priority 
level to architecture, since few of the participants opinion is much different from the others 
so the values spread is more as shown below. 
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Chart no. 5.3.1.3b Standard Deviation for Architecture 

5.3.1.4 Components 
Survey result analysis shows that 40% participants say it takes place 5th number in the 
priority list, 17% participants say its place is 4th in the list, 16.67% says it number is 3rd, 
13.34% says it places at number 6th, 7% people says it should be at 2nd place, 3.34% peoples 
says it should be 1st place, other 3% says it should be 11 place in the priority list. We find 
that majority of the participants have opinion that the components of the software system are 
5th most important factor which affect the software evolvability. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart No 5.3.1.4a Components 
 

The chart below shows the standard deviation for components. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
components is on priority number fifth. It has standard deviation i.e. dispersion value 1.78. 
That means there is less difference in the opinion of the participants for giving priority level 
to components, since there is less spread in the values received through survey from 
participants.     
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Chart no. 5.3.1.4b Standard Deviation for Components 

5.3.1.5 Encapsulation 
 

Analysis of the survey results shows 26.67% participants say it should be at 3rd place in the 
priority list, 20% people says it should be at 5th place in the list, 10% says it should be at 4th, 
10% says it should be at 6th, 10% says it should be at 9th place, 7% peoples says that it places 
2nd place in the list, 6.67 % says 8th place, 6.66% says 1st place and rest 3.34% says it should 
take place 7th in the priority list. We concluded that encapsulation is the 3rd most important 
factor which affects evolvability of the software system. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart No 5.3.1.5a Encapsulation 
 

The chart below shows the standard deviation for choice of encapsulation. It shows the 
values of standard deviation for each participant in the survey. According to the mode value 
the encapsulation is on priority number three. It has standard deviation i.e. dispersion value 
2.31. That means there are some difference in the opinion of the participants for giving 
priority level to encapsulation, since few of the participants opinion is much different from 
the others so the values spread is more as shown below. 
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Chart No 5.3.1.5b Standard Deviation of Encapsulation 

5.3.1.6 Inheritance 
 

According to the survey results analysis 46.66% participants say it should be take place 7th in 
the priority list, 23.34% participants say it should be at 8th place in the list, 10 % people gives 
10th place in the list, 6.66% peoples says it should be at place 3rd, 6.66% peoples say it should 
be at 6th, 3.34 % says 9th place and rest 3% says 5th place in the priority list. Majority of the 
participants have opinion that inheritance is the 7th important factor of software system. We 
find that inheritance is the 7th factor which affects evolvability of software system. 
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Chart No 5.3.1.6a Inheritance 

 
The chart below shows the standard deviation for inheritance. It shows the values of standard 
deviation for each participant in the survey. According to the mode value the inheritance is 
on priority number seven. It has standard deviation i.e. dispersion value 1.61. That means 
there is less difference in the opinion of the participants for giving priority level to 
inheritance, since there is less spread in the values received through survey from participants.  
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Chart No 5.3.1.6b Standard Deviation of inheritance 

5.3.1.7 Class Libraries 
 

Analysis of the survey result shows that 30% peoples say class libraries takes place at 6th 
number in the priority list, 20% says it should be at place 4th, 17% says it should be at 10th 
place in the list, 7% people has opinion that it is at 2nd place, 6.66% peoples say it should be 
at 3rd, 6.66% peoples say it should be at 7th,6.66% peoples say it should be at 9th place in the 
list, 3.34% peoples say it has 1st place in the list, rest 3 % says it should be 5th place in the list 
of priority. Class libraries are the vital part of the software system. We find that class 
libraries are the 6th factor which affects the software system evolvability. 
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Chart No 5.3.1.7a Class Libraries 

 
The chart below shows the standard deviation for class libraries. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the class 
libraries are on priority number six. It has standard deviation i.e. dispersion value 2.62. That 
means there are some differences in the opinion of the participants for giving priority level to 
class libraries, since few of the participants opinion is much different from the others so the 
values spread is more as shown below. 
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Chart No 5.3.1.7b Standard Deviation for Class Libraries 

5.3.1.8 Simplicity 
 

According to the survey results analysis 43.32% participants has opinion that simplicity 
should be at 8th place in the priority list, 17% says that it should be at 2nd place, 16.67% says 
that it should be at 7th place, 6.66% says that it should be at 1st number in the list, 3.34% 
participants have opinion that it should be at 3rd place. 3.34% participants have opinion that 
it should be at 6th place. 3.34% participants have opinion that it should be at 9th place. 3% 
says it take 4th place in the list, rest 3% says it should be 11th place in the priority list. We 
find that majority of the survey participants have opinion that 8th important factor which 
affect software evolvability. 
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Chart No 5.3.1.8a Simplicity 

 
The chart below shows the standard deviation for simplicity. It shows the values of standard 
deviation for each participant in the survey. According to the mode value the simplicity is on 
priority number eight. It has standard deviation i.e. dispersion value 2.84. That means there 
are some differences in the opinion of the participants for giving priority level to simplicity, 
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since few of the participants opinion is much different from the others so the values spread is 
more as shown below.     
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Chart No 5.3.1.8b Standard Deviation of Simplicity 

5.3.1.9 Naming 
 

We find standard naming of the class and variables’ makes easy to understand the code of a 
software system. Analysis of the survey results shows 40 % participants have opinion that 
naming should be at 9th number in the priority list, 27% says that it should be at 11th place in 
the list, 20% says that it should be at 10th number in the list, 10% says that it should be at 7th 
place and rest 3.33% says that it should be at 8th place in the priority list. We analysis 40% of 
the survey participants have opinion that naming is the 9th factor of software evolvability.  
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Chart No 5.3.1.9a Naming 

 
The chart below shows the standard deviation for naming. It shows the values of standard 
deviation for each participant in the survey. According to the mode value the naming is on 
priority number nine. It has standard deviation i.e. dispersion value 1.22. That means there is 
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less difference in the opinion of the participants for giving priority level to naming, since 
there is less spread in the values received through survey from participants.     
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Chart No 5.3.1.9b Standard Deviation of Naming 

 

5.3.1.10   Comments  
 

Comments used in software system will helps to understand the software cod in maintenance 
phase. Analysis of survey results show that 47% participants of the survey have opinion that 
comments should be at 10th place in the priority list, 20 % says that according to their 
opinion it should be at 11th number in the list, 16.66% says that it should be 8th number in the 
priority list, rest 13.34% have opinion that it should be on number 9th in the list. 3% 
participants say that it should be at 2nd place in the list. We find mainstream of the 
participants have opinion that comments are 10th important characteristics of software system 
which affect the software evolvability. 
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Chart No 5.3.1.10a Comments 
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The chart below shows the standard deviation for comments. It shows the values of standard 
deviation for each participant in the survey. According to the mode value the comments is on 
priority number ten. It has standard deviation i.e. dispersion value 1.72. That means there is 
less difference in the opinion of the participants for giving priority level to comments, since 
there is less spread in the values received through survey from participants as shown in the 
chart below.    
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Chart No 5.3.1.10b Standard Deviation of Comments 

5.3.1.11   Technical Platform 
 

According to the analysis of the survey results  40% participants of the survey have opinion 
that technical platform should be at 11th place in the list, 13.34% says that it should be at 9th 
place, 13% says that is on 2nd place in the list, 10% says that it is on 5th number in the list, 
7% says it should be on number 10 in the list, 6.66% says that it should be at 1st number in 
the list, 6.66% says that its number is 6th in the list, rest 3.34% says that it should be at 3rd 
number in the priority list. We find majority of the participants would like that technical 
platform is 11th factor which affect the evolvability of software system. 
 

 
Chart No 5. 3.1.11a Technical Platform 
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The chart below shows the standard deviation for technical platform. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
technical platform is on priority number eleven. It has standard deviation i.e. dispersion 
value 3.79. That means there are some differences in the opinion of the participants for 
giving priority level to technical platform, since few of the participants opinion is much 
different from the others so the values spread is more as shown below.     
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Chart No 5.3.1.11b Standard Deviation of Technical Platform 

 

5.3.2 Part III (Qualification Required for an Expert) 

5.3.2.1 Qualification 
 

Analysis of the survey results shows that 60% participants of the survey suggest that the 
qualification of an Expert should be Master, 33.33% participants of the survey disagree with 
them and they suggest that Bachelor education is enough for an expert to assess the software 
system, rest 6.67% disagree both categories and they suggest that an expert should be PhD in 
his specific field. We find that more then half participants have opinion that expert should 
have master degree holder. 
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Chart No 5.3.2.1a Qualification of Expert 
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The chart below shows the standard deviation for qualification. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
educational qualification required for an expert is 16years i.e. Masters Degree. It has 
standard deviation value 0.58. This gives an idea that most of the participants have same 
opinion and there is less variance in their opinions. 
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Chart No 5.3.2.1 a Standard Deviation for Qualification 

5.3.2.2 Technical Education   
According to the survey results analysis 40% participants of the survey says that expert 
should have 4 year of technical education, 30% of the participants disagrees with them and 
they say 2 year of technical education is enough for the expert, 10% participant disagree both 
of them and they say that expert should have 6 year of technical education, 6.66% 
participants say that 1 year of technical education is enough other 6.66% says expert should 
have 3 year of technical education rest of 6.66% disagree all of them and say expert should 
have 5 year of technical education. Majority of the survey participants says the expert should 
have at least 4 year of technical education. We find expert should have 16 year of education 
qualification including four year of technical education. 
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Chart No 5.3.2.2a Technical Education 
 

The chart below shows the standard deviation for technical education. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
technical education required for an expert is 4years. It has standard deviation value 1.43. 
This gives an idea that most of the participants have same opinion and there is little variance 
in their opinions. 
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Char No 5.3.2.2b Standard Deviation for technical education 

 

5.3.2.3 Technical Training 
 

Analysis of the survey results shows that 67 % participants say that expert should have 1 
year of technical training, 13.33% participants disagreed with them and they say technical 
training should be 2 year, 6.66% participants say expert should have 3 year of technical 
training, 6.66% participants say technical training should be 5 year, rest 6.66% say .5 year of 
technical training is enough for an expert to assess software system. We think that 1 year of 
technical training is enough because he has four year of technical education included sixteen 
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year of his education. This training will gives him a strong background to understand 
software evolvability. 
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Chart No 5.3.2.3a Technical Training 

 
The chart below shows the standard deviation for technical training. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
technical training required for an expert is 1year. It has standard deviation value 1.14. This 
gives an idea that most of the participants have same opinion and there is less variance in 
their opinions. 
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Chart No 5.3.2.3b Standard Deviation for Technical Training 

5.3.2.4 Development Experience  
Analysis of the survey results shows that 33.33% participants of survey suggest that expert 
should have 3 year of development experiences, 23.33% disagree with them and they say 
that 1 year of  development experiences is enough, 20% participants say expert should have 
5 year of development experiences, 10% of them say expert should have 2 year of 
development experience, 6.66% participants say development experience should be 4 year, 
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other 6.66% participants say there should be 10 year of development experience for an 
expert to assess the software system. We find that 1/3 participants have opinion that a person 
have 3 year of development experience can understand software system easily. 
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Chart No 5.3.2.4a Development Experience 
 

The chart below shows the standard deviation for development Experience. It shows the 
values of standard deviation for each participant in the survey. According to the mode value 
the development experience required for an expert is 3years. It has standard deviation value 
2.28. This gives an idea that the participant's opinions vary more but most of the participants 
agree that the experience should be 3years. 
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Chart No 5.3.2.4b Standard Deviation for Development Experience 

5.3.2.5 Technical Experience  
 

According the survey results analysis we find that 40% participants of the survey suggest 
expert should have 2 year of technical experience, 20% says that he should have 1 year of 
technical experience, 13.33% are suggested that technical experience should be 3 year, other 
13.33% suggest technical experience should be 5 year, 6.66% participants have opinion that 
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technical experience should be 4 year, rest 6.66% says 10 year of technical experience is 
necessary for an expert to understand software system. We suggest that technical experience 
is necessary for an expert to understand the software system evolvability. Two year of 
technical experience is enough to grip software system evolvability factors. 
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Chart No 5.3.2.5a Technical Experience 

 
The chart below shows the standard deviation for technical experience. It shows the values 
of standard deviation for each participant in the survey. According to the mode value the 
technical experience required for an expert is 2years. It has standard deviation value 2.29. 
This gives an idea that most of the participants have different opinion and there is more 
variance in their opinions. But most of them agreed to have 2years of technical experience 
required for an expert. 
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Chart No 5.3.2.5b Standard Deviation for Technical Experience 
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5.3.2.6 Maintenance Experience 
 

Survey results analysis shows that 43% participants of survey suggest that expert should 
have 2 year of software maintenance experience, 33.33% participants say 1 year of 
maintenance experience is enough, 13.33% participants say expert should have 5 year of 
maintenance experience, and rest 10 % say maintenance experience should be 10 year for an 
expert to assess the software system. We find that maintenance experience gives a deep 
understanding of software system. Maintenance experience gives clear vision of factors 
affecting software evolvability. 
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Chart No 5.3.2.6a Maintenance Experience 

 
The chart below shows the standard deviation for maintenance experience. It shows the 
values of standard deviation for each participant in the survey. According to the mode value 
the maintenance experience required for an expert is 2years. It has standard deviation value 
1.29. This gives an idea that most of the participants have same opinion and there is less 
variance in their opinions. 
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Chart No 5.3.2.6b Standard Deviation for Maintenance Experience 

 



  50

5.3.2.7 Testing Experience  
Analysis of the survey results shows that 40% participants of survey say expert should have 
1 year of testing experience, 30% of them say testing experience should be 5 year, 20% 
participants suggest testing experience should be 2 year, rest 10% say it should be 3 year of 
testing experience for an expert to assess software system. We find that software testing 
experience is very important for an expert because it provides knowledge about the testing 
problem of a software system. Software testing experience gives better understanding of 
factors affecting software system evolvability. 
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Chart No 5.3.2.7a Testing Experience 
 

The chart below shows the standard deviation for testing experience. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the testing 
experience required for an expert is 1year. It has standard deviation value 0.80. This gives an 
idea that most of the participants agree with each other and there is less variance in their 
opinions. 
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Chart No 5.3.2.7b Standard Deviation for Testing Experience 
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5.3.2.8 Q.A/ Management Experience 
Analysis of the survey results shows that 63.33% participants of survey suggest, expert 
should have 1 year of quality assurance or management experience, 17% participants 
disagree and say Q.A/management experience should be 2 year, 10% say it should be 3 year 
of quality assurance / management experience, rest 10% suggest expert should have 5 year of 
quality assurance / management experience to understand software system. We find that 
software quality assurance/ management experience gives a better understanding of factor 
affecting software system evolvability. An expert should have a at least one year of software 
quality assurance/ management experience.  
 

 
Chart No 5.3.2.8a Quality Assurance/Management Experience 

 
The chart below shows the standard deviation for class libraries. It shows the values of 
standard deviation for each participant in the survey. According to the mode value the 
quality assurance/management experience required for an expert is 1year. It has standard 
deviation value 0.71. This gives an idea that most of the participants have same opinion and 
there is less variance in their opinions. 
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Chart No 5.3.2.8b Standard Deviation for Quality Assurance/Management Experience 
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5.4 Summary  
In this chapter we discussed about the response behavior of the participants analysis of the 
data we collected from survey. Analysis was conducted by different means like standard 
deviation, mean, medium, mode and variance in survey results. First part of the analysis is 
about that what the characteristics of the software which effect software evolvability and 
their priority. In this part we concluded that there are total 11 characteristics of the software 
evolvability out of which design and architecture is highly prioritized while technical 
platform and comments are least prioritized characteristics. In the Part II of the analysis we 
concluded that technical training and quality assurance management experience are most 
important criteria for an expert while development experience and testing experience is least 
important. 
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6 DISCUSSION AND VALIDATION ASSESSMENT 
This chapter is about discussion and validation assessment. Where section 6.1 is 

discussion; section 6.2 is the validation assessment based on four basic criteria i.e. 
credibility, transferability, dependability, and confirmability; and the last part 6.3 is the 
answers to questions of research study. 

6.1 Discussion  
This section has two parts where first part is about the characteristics of evolvability of 
software systems and the second part is about expert qualification required to assess a 
software system. 

 

6.1.1 Characteristics of Evolvability of Software Systems 

6.1.1.1 Choice of Classes 
 

Classes are the programming language constructs which are used as blueprint for creating 
objects [24]. Software system requirements generally point out a number of apparent 
matters. These are represented as primary matters, which should be implemented as classes. 
The classes are easy to identify the domain mapping and code requirements [8]. Choice of 
classes is important because if they are implemented properly the development, testing, 
debugging and maintenance take less time. Secondly, through classes the relationship of 
dependant data is simpler. So for making a system more evolvable choice of classes should 
be given importance. [24]    

6.1.1.2 Design 
 

Software design is a practice to solve a problem and plan a software solution. After 
finalizing the purpose and specifications the design is developed [25]. Software project can 
be modified according to the design patterns. The maintenance is easy by use of design 
patterns. Familiar solutions are provided by the design patterns to solve most common 
problems occurring during software development. On the other hand chosen solution 
justifies the system complication. Developers should be capable of applying solution 
accordance to the design principles. The utility of individual design patterns has been 
depending on the capabilities of developers [16]. If the developers are not capable, a good 
design may not become a good execution. It is harm to implement a good but complex 
design than a simple and easy. While designing some of the aspects that need to be 
considered are marketability, usability, packaging, extensibility, robustness, reliability, fault 
tolerance, security, maintainability, compatibility, modularity and reusability. [25] 

6.1.1.3 Architecture 
Software architecture is the structure/structures of the system. It consists of software 
components; properties of the components; and their relationship. The architecture is 
considered important because it reduces complexity by abstraction and division of concerns 
[26]. A clear separation of concerns between presentation, business and persistence layer is 
considered good practice [8]. Every layer will stay unattached from the upper layers and 
more general depend on lower layers components. Hence architecture plays significant role 
in software evolvability. 

6.1.1.4 Components 
Components are made through decomposition of software system into logical and functional 
components. For communication between components there are well defined interfaces [27]. 
Classes are main components of software. The classes are considered according to their 
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functions or according to the layer of code on which they operate. If the software is well 
decomposed into components then the system is more evolvable; future enhancements are 
easy and cost effective [8, 20]. 

6.1.1.5 Encapsulation 
The term Encapsulation is used for information hiding that is hiding the design decisions of 
the software system. There are three ways of ensuring encapsulation [8]: 

 
1. Using public attributes, constants and methods,  
2. Using interfaces,  
3. Using inner classes. 

 
The simplest and most common way is using public attributes, constants and methods [22]. 
Public methods may require a precise sequence of method calls; it may require an object 
structure to be established before method is called. This dependency can lead to problems 
with maintenance. There are also some potential pitfalls of the use of interfaces, as an 
interface implemented various classes; it has the same effect as a number of legacies, which 
could lead to confusion and down. A single object, developers often have many small 
containers, where production classes can be provided. With the help of the classes may be 
returning values of methods, as a variable. This reduces the use of these small classes and 
simplifying the design, making it easier to manage. Another aspect of encapsulation is that 
the text can be changed, should be collected, be regarded as static variables and elsewhere 
reference. [8] 

6.1.1.6 Inheritance 
 

The inheritance impact on evolvability is dependant on its usage. In past, inheritance was not 
used widely due to small size of systems; usually there was only one level of inheritance. 
The evolvability depends on functions division between the base class and sub class. The 
base class must have sufficiently "standard" feature, with the exception of handling, thus this 
should not be treated in every subclass. If it fulfilled, the class is open to expansion, but not 
for changes [22]. But particularly in the first change of the system there should be balance 
between extending or adding function in the base class, because it may not clear that generic 
functions will be necessary for all or most subclasses. Total numbers of classes were 
increasing by using of inheritance, it may decrease evolvability and it should be used with 
care. [8] 

6.1.1.7 Class Libraries 
The use of libraries is extremely connected to the use of inheritance. Class libraries help 
developers to be more effective because they give a good basis. But libraries provide a huge 
amount of code, which is itself less maintenance. New developers are familiar to them; it 
might be risk of using these libraries for evolvability. Libraries may also be partially 
propertied by the coding style of developers, but sometime it creates difficult for other 
developer to understand. 
For example a system has some specific need of library but it is not supported. [8] 

6.1.1.8 Simplicity 
Simplicity refers that the code should not be duplicate and don't have lazy classes. 
Duplication of code increases the number of statements that are similar to each other [2]. 
While lazy classes are the classes which are empty. They are a sign of low evolvability. They 
take time to understand the correct class when there are more than one class. Lazy classes 
can be an asset, because they can be included at a later date, but it increases the size and 
complexity. [8] 
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6.1.1.9 Naming 
Naming is one among important factors that affect software evolvability. Using a standard 
rules for the names of classes, methods and variables make them easy to understand.  
Developers must create the names according to logical schedule; it allows the reader to 
understand the relationship between methods and classes. Companies are usually using a 
standard naming rules; the only exception is the use of names of classes. [8] 

6.1.1.10 Comments  
Comments are present in the source code of the program file; they provide useful 
information about working of the code. The amount of comments is measured automatically 
and their quality is assessed by the experts. If the code is properly commented its easy to 
enhance in future by same or different programmer. It helps in understanding the logic of 
code. [8]  

6.1.1.11 Technical platform 
An important element in system maintenance is technical platform because it makes the 
system capable of adapting different environments. A number of problems in the 
maintenance of a system are occurred when the system is relocated to another region, these 
are unrecognized to surfaces. This simplify by using of standard platform tools. Widely used, 
known by developers and supported by other companies is the standard platform. On the 
other hand, the using of non-standard components represents a wide range of issues related 
to the future development. The developers should be capable to understand how they can use 
components. They must also understand how the replacement of parts in the future, because 
these items cannot be maintained, or no longer available. [8] 
 
Software evolvability characteristics include dependant and independent characteristics as 
shown in Appendix 7. Among these there are three characteristics i.e. Architecture, Naming 
and Comment are independent while Design, Encapsulation, Choice of Classes, 
Components, Class Libraries, Inheritance, Simplicity, and Technical Platform are dependent 
characteristics.   

6.1.2 Expert Qualifications  
An expert plays significant role in assessing the evolvability of software system. He predicts 
the future effort on evolving it based on information of existing system. So role of an expert 
is much demanding, he must have necessary qualifications to accurately predict the 
evolvability of a software system. Below here we discussed the qualifications required for an 
expert to assess the evolvability of software system.   

6.1.2.1 Educational Qualification 
An expert must have educational background relevant to computer science. It will help him 
to understand the software process. Our survey results shown that the expert should have 
16years of education that includes four years of technical education in computer science 
field.    

6.1.2.2 Technical Education 
Technical education for an expert is relevant to knowledge of software development, testing 
tools, analysis, quality assurance, product management and project management. The expert 
should have some certification/degree in some area of software development. From survey 
results we concluded that four years of technical education is important for an expert to 
assess evolvability of the software system. 
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6.1.2.3 Technical Training 
Expert should have appropriate technical trainings such as certifications, internships in 
industry or industrial training. It will give him knowledge of software development process 
and help him to understand the factors effecting software evolvability. If an expert has one 
year of technical training it will be of much worth for him to judge the software system.   

 

6.1.2.4 Development Experience 
Development experience means, software development experience as programmer / software 
engineer. Such experience help an expert to assess the software evolvability factors like 
choice of classes, good use of libraries, naming, design, architecture, components, technical 
platform, simplicity, inheritance, encapsulation and comments. Our survey results have 
shown that 3years of development experience is required for an expert to assess the software 
system's evolvability. 

6.1.2.5 Technical Experience 
An expert should have overall technical experience related to software development, testing, 
quality assurance, product management and project management etc. We found through 
survey analysis that 2years of technical experience is required for an expert to judge the 
evolvability of a software system.   

6.1.2.6 Maintenance Experience 
Maintenance experience is the back bone for judging the evolvability of software system. An 
expert's judgement is based much on maintenance experience. So an expert should have 
experience of software maintenance. It will help him to understand evolvability, versioning 
of software and how it can be cost effective. 2years of maintenance experience would be 
sufficient for an expert to judge the evolvability. 

6.1.2.7 Testing Experience 
An expert should have an appropriate software testing experience. He needs to have 
command on testing tools and techniques.  This will help him to understand the software 
debugging. 1year of testing experience is required for an expert to measure the evolvability 
of a software system. 

6.1.2.8 Quality Assurance/ Management Experience 
Quality assurance / management experience helps in assessing the quality attributes of a 
software system. For an expert quality assurance / management experience is important to 
assess the quality attributes. Our results have shown that 1year of quality 
assurance/management experience is required for an expert to assess the evolvability of 
software system in better manner. 

6.2 Validation Assessment 
Validation and reliability are an important aspect of a research study. They should be 
considered and assessed so that the reader would trust the results. We have to take care of it 
whether the study is qualitative or quantitative. For attaining trust Lincoln and Guba, (1985) 
proposed four criteria i.e. "Credibility," "Transferability," "Dependability," and 
"Confirmability". These mentioned four criteria can be incorporated as "Internal Validity," 
"External Validity," "Reliability", and "Objectivity" (Lincoln and Guba, 1985; Trochim, 
2005). 
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6.2.1 Credibility 
Creditability means that research results are realistic from the participant’s point of view 
according to Trochim 2006; in this study first of all we carried out qualitative research and 
found out the important characteristics of evolvability. To achieve creditability of the thesis 
we plan multi-phased research methodology. On the first phase literature review is done and 
survey is designed. In the second phase we analyzed the results of the survey from statistical 
method and by percentage. After adopting the validation process we are confidant about the 
credibility of our research results. 

 

6.2.2 Transferability 
Transferability means that the research results are generalized for some other contexts or 
settings (Trochim, 2006). As far as our thesis is concerned, we found the priority level of 
characteristics affecting evolvability and the qualification required for an expert. Our survey 
was similar to common survey, participants have to give priority number to individual 
characteristic and give their opinion regarding qualification of an expert.  
 
We conducted the survey and got results through opinion from a mix of participants. The 
possible threat to our results can be, if the survey is conducted in an environment where all 
the participants are either students; developers; PhD Students or quality managers but this is 
not the case in our survey. Another threat is if the participants would be non-technical or 
non-professional then the results would vary but in our case all the subjects were 
professional people.  

6.2.3 Dependability 
Dependability means changes in research with respect to time (Trochim, 2006). It is 
researcher's responsibility to mention these changes and their affect on research. Since the 
evolvability is currently not a matured field. There might be different ideas introduced with 
time. Our research results are based on current studies and researches. Currently, evolvability 
can't be measured in units so in future if new characteristics of evolvability would be 
introduced or the already existing would be removed then the results can differ according to 
that scenario. 

6.2.4 Conformability 
Conformability means the extent to which the results can be verified from other researchers 
(Trochim, 2006). For achieving Conformability in our thesis, each phase is properly 
documented. First we conducted literature review and designed the survey based on it. After 
that we conducted the survey as per defined methodology and collected/analyzed the results.   

6.3 Answers to the Questions 
In this research activity, after conducting the qualitative study and survey we find out that 
there are eleven characteristics which contribute to the software evolvability. These eleven 
characteristics are choice of classes, design, architecture, components, encapsulation, 
inheritance, class libraries, simplicity, naming, comments and technical platform. According 
to the survey results these characteristics are prioritized as Design, Architecture, 
Encapsulation, Choice of Classes, Components, Class Libraries, Inheritance, Simplicity, 
Naming, Comments, and Technical Platform. The majority of the survey participants agree 
that design and architecture of software system are the most important characteristics while 
comments and technical platform are the least important characteristics. The priority 
hierarchy of characteristics is also verified from the statistical analysis through values of 
mode in Table 5.1.1.1.  
 
Regarding qualifications required for an expert to assess evolvability of software system we 
find out that most of the participants in survey agree upon 16 years of educational 
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qualification, 4 years of technical education, 1 year of technical training, 3 years of 
development experience, 2 years of technical experience, 2 years of maintenance experience, 
1 year of testing experience and 1 year of quality assurance/management experience. These 
values are concluded from the statistical analysis values of mode in Table 5.1.2.1. It depicts 
that if an expert has above mentioned qualification then the assessment conducted would be 
much useful.  

6.4 Summary  
In this chapter we discussed the research work, validity assessment of results and answers to 
the questions. We used A Lincoln’s and Guba’s criterion for validation assessment to 
support the validity of results. Validity is judged by four aspects credibility, transferability, 
dependability and conformability. In the last part of this chapter answers to our two research 
questions are presented. 
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7 EPILOGUE 
 
The epilogue consists of conclusion, recommendations and future work. 

7.1 CONCLUSION 
 

The main objective of this report is to discuss the importance of software evolvability in 
software development life cycle. First we defined the software evolvability then we had a 
look on different factors on which software evolvability depends and how these contribute to 
the software evolvability. We find out that there are eleven characteristics on which software 
evolvability depends i.e. Choice of Classes and Names, Design, Architecture, Components, 
Encapsulation, Inheritance, Libraries, Simplicity, Naming, Comments and Technical 
Platform. 
 
We conducted a survey to find out the priority hierarchy of software evolvability 
characteristics based on their importance in software development. We also discussed 
different methods for measuring software evolvability i.e. structural measures, expert 
assessment method and combined approach. According to the survey results these 
characteristics are prioritized as Design, Architecture, Encapsulation, Choice of Classes, 
Components, Class Libraries, Inheritance, Simplicity, Naming, Comments, and Technical 
Platform. The majority of the survey participants agree that design and architecture of 
software system are the most important characteristics while comments and technical 
platform are the least important characteristics. 
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Chat No 7.1 Perority Hierarchy of Software Characteristics 
 
Secondly we found out that the appropriate level of qualifications for an expert who assess 
the software evolvability of a software system. As we know that an expert assessment 
method of software evolvability assessment is highly dependant on the expert. As there is a 
chance for human biasness in expert assessment so expert’s qualification and experience is 
very important.  According to our findings from survey results most of the participants in 
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survey agree upon 16 years of educational qualification, 4 years of technical education, 1 
year of technical training, 3 years of development experience, 2 years of technical 
experience, 2 years of maintenance experience, 1 year of testing experience and 1 year of 
quality assurance/management experience. 
 

7.2 RECOMMENDATIONS  
 

After analyzing the results of survey we recommend following points: 
 

1. Software evolvability is a non functional requirement and an important software 
quality attribute which can significantly affect the cost of developing the 
software system. Hence it should be given quite a bit of importance. 
 

2. Design of the software system should be given high importance due to reason 
that if design is good then future enhancements will cost less. 

 
3. The priority hierarchy of the software evolvability characteristics is a guideline 

for the software developer but it does not mean that the characteristics which are 
at bottom of the hierarchy list might be ignored. 

 
4. The expert should have at least sixteen years of qualifications, one year of 

technical training and one year management experience. 
 

7.3 FUTURE WORK  
 

This thesis is a contribution to the software engineering having main focus on software 
evolvability and its role in the software development life cycle. However we suggest that 
there are some areas in software evolvability which need to be addressed and taken as future 
work.  
 
As we know that expert assessment method has a gap for human biasness where as structural 
measure is totally dependant on class level measures of the software systems. So we 
recommend that there is a need for a combined approach which should utilize the benefits of 
both approaches. Although combined approach already exists but still how expert assessment 
and structural measures should be combined in a best way is need to be answered. 
 
We recommend that different combinations of priority hierarchy of software evolvability 
characteristics should be experimented on similar software systems which should be 
developed on same requirements.  Then it should be analyzed that how much a particular 
combination of evolvability characteristics affected the evolvability of software systems. 
  
Secondly we should hire four experts based on the level of qualifications which we found out 
in the survey and they should measure the software evolvability of a system. Then we 
analyze that how much their opinion matches with each other. 
 
The findings of the survey should be confirmed by conducting an experiment on a software 
system. 
 
Also an ideal method for assessing the software evolvability should be able to determine 
software evolvability of a software system in terms of a range of scale which should lead us 
to some economic cost and benefit analysis i.e. certain level of evolvability would result in 
certain financial benefits. 
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9 APPENDIXES 

9.1  Appendix 1 
 

 Detailed Standard Deviation of Part II 
 Subject ID

 

C
hoice of 

classes 

D
esign 

A
rchitecture 

C
om

ponents 

Encapsulation 

Inheritance 

C
lass Libraries 

Sim
plicity 

N
am

ing 

C
om

m
ents 

Technical 
Platform

 

1 0.3 1.23 1.9 1.5 1.33 0.2 1.87 1.87 0.5 0.53 3.4 
2 1.3 1.23 1.9 1.5 4.33 2.8 1.87 4.87 2.5 1.47 2.6 
3 0.7 1.23 1.9 1.5 0.33 0.8 1.87 4.13 0.5 0.53 3.4 
4 0.7 0.77 7.1 3.5 0.33 1.2 4.13 4.13 2.5 1.47 1.4 
5 1.7 1.23 2.1 0.5 0.67 0.2 4.13 4.13 0.5 1.47 3.4 
6 2.3 1.23 7.1 2.5 1.67 0.8 0.87 2.13 0.5 0.53 1.6 
7 4.3 1.23 3.1 0.5 0.33 0.8 0.13 4.13 0.5 1.53 4.6 
8 0.7 1.23 1.1 1.5 4.33 0.8 1.13 4.13 0.5 1.53 1.6 
9 1.7 1.23 0.1 6.5 1.33 2.2 4.13 0.87 1.5 0.47 5.6 

10 3.3 0.77 1.1 0.5 4.33 2.8 0.13 5.13 2.5 1.53 5.6 
11 2.3 0.77 2.1 0.5 3.33 2.8 1.87 5.13 1.5 0.47 5.6 
12 4.3 1.77 2.9 0.5 2.67 0.2 2.87 0.13 1.5 1.47 2.4 
13 0.7 1.23 1.1 0.5 2.33 0.2 0.13 1.87 0.5 1.53 5.6 
14 0.7 0.23 2.9 1.5 1.67 0.2 3.13 1.87 1.5 0.53 2.6 
15 3.7 0.77 1.9 0.5 0.33 1.2 4.13 0.87 1.5 1.47 1.4 
16 0.7 1.23 1.9 1.5 1.67 0.2 3.13 1.87 1.5 0.53 2.6 
17 0.3 5.77 1.9 1.5 0.67 4.2 1.13 2.87 0.5 1.53 6.6 
18 0.7 4.77 2.1 0.5 3.67 4.2 3.87 1.87 0.5 0.53 3.4 
19 0.7 1.23 1.9 0.5 1.67 0.2 0.13 1.87 0.5 0.53 3.4 
20 0.7 1.23 1.9 0.5 1.67 0.2 0.13 1.87 0.5 0.53 3.4 
21 1.3 2.77 3.1 0.5 3.33 1.8 4.13 3.13 1.5 7.47 6.6 
22 0.7 1.23 1.9 0.5 1.33 0.2 2.87 1.87 0.5 0.53 3.4 
23 1.7 0.23 2.9 0.5 0.33 0.2 0.13 1.87 1.5 0.53 1.4 
24 0.7 1.23 1.9 0.5 1.67 0.2 0.13 1.87 0.5 0.53 3.4 
25 1.3 1.23 1.1 1.5 0.67 0.2 3.87 1.87 0.5 1.53 2.4 
26 0.3 0.77 0.1 1.5 2.67 0.8 4.87 0.87 0.5 0.47 3.4 
27 1.3 0.23 0.9 0.5 3.67 0.2 1.87 1.87 1.5 0.53 1.4 
28 0.7 1.23 1.9 0.5 1.67 0.8 0.13 0.87 0.5 0.53 3.4 
29 1.7 1.77 2.9 2.5 0.33 0.8 0.13 0.87 0.5 0.47 3.4 
30 3.7 0.23 2.1 0.5 1.67 0.2 1.87 1.87 0.5 0.53 3.4 
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9.2 Appendix 2 
 
Survey Statistics of Part II  

 
Subject 
ID 

C
hoice of 

classes 

D
esign  

A
rchitecture 

Com
ponents 

Encapsulation 

Inheritance 

Class Libraries 

Sim
plicity 

N
am

ing 

Com
m
ents 

Technical 
Platform

 

1 5 1 2 3 6 7 4 8 9 10  11 
2 6 1 2 3 9 10 4 11 7 8  5 
3 4 1 2 3 5 8 4 2 9 10  11 
4 4 3 11 1 5 6 10 2 7 8  9 
5 3 1 6 5 4 7 10 2 9 8  11 
6 7 1 11 2 3 8 5 4 9 10  6 
7 9 1 7 4 5 8 6 2 10 11  3 
8 4 1 5 3 9 8 7 2 10 11  6 
9 3  1  4 11 6 5 10 7 8 9  2 
10 8  3  5 4 9 10 6 1 7 11  2 
11 7  3  6 5 8 10 4 1 11 9  2 
12 9  4  1 5 2 7 3 6 11 8  10 
13 4  1  5 5 7 7 6 8 10 11  2 
14 4  2  1 6 3 7 9 8 11 10  5 
15 1  3  2 4 5 6 10 7 11 8  9 
16 4  1  2 6 3 7 9 8 11 10  5 
17 5  8  2 6 4 3 7 9 10 11  1 
18 4  7  6 5 1 3 2 8 9 10  11 
19 4  1  2 5 3 7 6 8 9 10  11 
20 4  1  2 5 3 7 6 8 9 10  11 
21 6  5  7 4 8 9 10 3 11 2  1 
22 4  1  2 5 6 7 3 8 9 10  11 
23 3  2  1 4 5 7 6 8 11 10  9 
24 4  1  2 5 3 7 6 8 9 10  11 
25 6  1  5 3 4 7 2 8 9 11  10 
26 5  3  4 6 2 8 1 7 10 9  11 
27 6  2  3 5 1 7 4 8 11 10  9 
28 4  1  2 5 3 8 6 7 9 10  11 
29 3  4  1 2 5 8 6 7 10 9  11 
30 1  2  6 5 3 7 4 8 9 10  11 
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9.3 Appendix 3 
 

 Detailed Standard Deviation of Part III 
 Subject ID

 

Q
ualification 

Technical Education 

Technical Training 

D
evelopm

ent Exp 

Tech. Exp 

M
aintenance Exp 

Testing Exp. 

Q
.A

/ M
anagem

ent Exp. 

1 0.27 0.6 0.49 0.37 0 0.17 0.25 0.32
2 0.73 1.4 0.49 0.37 2 2.83 0.25 0.32
3 0.27 0.6 0.49 0.37 1 0.17 0.75 0.32
4 0.27 1.4 0.49 0.37 1 1.17 0.75 0.68
5 1.27 2.4 1.39 6.63 2 0.17 0.75 0.68
6 0.27 0.6 0.49 0.37 0 0.17 0.75 0.32
7 0.27 0.6 0.49 2.37 2 1.17 0.25 0.32
8 0.73 0.6 0.49 2.37 2 2.83 0.75 0.32
9 0.73 1.4 0.49 2.37 2 0.17 0.75 0.32

10 0.73 1.4 0.49 2.37 2 0.17 0.75 0.32
11 0.27 0.6 0.49 1.63 1 0.17 0.75 0.68
12 0.27 2.6 0.49 0.37 2 0.17 0.75 0.32
13 0.27 2.6 0.49 1.63 1 0.83 0.25 0.32
14 0.27 0.6 0.51 1.37 1 1.17 0.25 0.32
15 0.73 1.4 0.49 1.63 2 2.83 0.75 0.82
16 0.27 1.6 0.49 0.37 1 1.17 0.25 0.32
17 0.73 0.6 0.49 0.63 1 1.17 0.75 0.32
18 0.27 0.6 0.49 1.63 7 0.17 0.25 0.68
19 0.27 0.6 0.49 0.37 1 0.17 0.75 0.32
20 0.27 1.4 0.51 1.37 1 0.17 0.75 1.68
21 0.27 1.4 0.49 0.37 1 1.17 0.25 0.32
22 0.27 0.6 0.49 2.37 2 1.17 0.25 0.32
23 0.73 0.4 1.51 2.37 1 1.17 0.25 0.32
24 0.27 0.6 0.51 0.37 1 0.83 0.75 0.32
25 0.27 0.4 1.51 2.37 0 0.17 0.25 0.32
26 0.73 1.4 3.51 1.63 1 0.17 0.75 0.68
27 0.73 2.4 3.51 1.37 2 1.17 1.75 0.82
28 0.73 2.6 0.99 6.63 7 0.83 0.25 1.68
29 1.27 1.6 0.49 1.63 1 2.83 1.75 0.82
30 0.27 1.4 0.51 0.63 0 1.17 1.75 1.68
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9.4 Appendix 4 
 
Detailed Survey Results of Part III 
 

Subject 
ID 

Q
ualification 

T
echnical 

E
ducation 

T
echnical 

T
raining 

D
evelopm

ent 
E

xp 

T
ech. E

xp 

M
aint. E

xp 

T
esting E

xp. 

Q
.A

/ 
M

anagem
ent 

E
xp. 

1 16 4 1 3 3 2 1  1
2 15 2 1 3 5 5 1  1
3 16 4 1 3 2 2 0.5  1
4 16 2 1 3 2 1 2  2
5 17 1 0.1 10 5 2 2  2
6 16 4 1 3 3 2 2  1
7 16 4 1 1 1 1 1  1
8 15 4 1 1 1 5 0.5  1
9 15  2  1 1 1 2 0.5  1
10 15  2  1 1 1 2 0.5  1
11 16  4  1 5 2 2 2  2
12 16  6  1 3 1 2 0.5  1
13 16  6  1 5 2 3 1  1
14 16  4  2 2 2 1 1  1
15 15  2  1 5 5 5 0.5  0.5
16 16  5  1 3 2 1 1  1
17 15  4  1 4 4 1 0.5  1
18 16  4  1 5 10 2 1  2
19 16  4  1 3 2 2 0.5  1
20 16  2  2 2 2 2 2  3
21 16  2  1 3 2 1 1  1
22 16  4  1 1 1 1 1  1
23 15  3  3 1 2 1 1  1
24 16  4  2 3 2 3 2  1
25 16  3  3 1 3 2 1  1
26 15  2  5 5 2 2 0.5  2
27 15  1  5 2 5 1 3  0.5
28 15  6  0.5 10 10 3 1  3
29 17  5  1 5 4 5 3  0.5
30 16  2  2 4 3 1 3  3
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9.5 Appendix 5 
 Result of Survey (Characteristics of Evolvability)  
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9.6 Appendix 6 
 

 Qualification Required for Expert 
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9.7 Appendix 7 
 
Dependability of software evolvability characteristics 
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C
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ss
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C
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ne

nt
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C
la

ss
 L

ib
ra
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In
he
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ce
 

Si
m

pl
ic

ity
 

N
am

in
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C
om

m
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ts
 

Te
ch

ni
ca

l 
Pl

at
fo

rm
 

Design   x   x x x x x     x 
Architecture                       
Encapsulation x     x x             
Choice of 
Classes x x x x x x   x 
Components x x   x   x x x       
Class 
Libraries x x   x x   x x     x 
Inheritance x x   x x x   x       
Simplicity x x x x x x x       x 
Naming                       
Comments                       
Technical 
Platform x x     x x           

 


